Total organic carbon (TOC) and total inorganic carbon (TIC)
TOC was determined as the difference between total carbon (TC) and total inorganic carbon (TIC) measured using a CS-500 carbon/sulfur analyzer with a hightemperature furnace and acidification module (Eltra, Germany). For TC, ~100 mg of sample powder were weighed into a ceramic boat and combusted in pure (99.95%) O 2 at 1350 °C for ~3 min. The total carbon liberated was then measured by infrared spectral absorption of the evolved CO 2 . For TIC, ~100 mg of sample powder were reacted with 20% HCl, heated at 50 °C and stirred. TIC was also quantified by infrared absorption detection of the CO 2 generated. Analytical errors for TOC and TIC are ±0.1 wt% based on analysis of carbonate standard AR1034 (Alpha, USA).
Pyrite sulfur isotopes (δ 34 S py ) and concentrations
Disseminated pyrite concentrations and isotopic compositions were analyzed by the chromium reduction method (S1). Pyrite extraction was performed under N 2 by the addition of 20 ml of concentrated HCl and 40 ml of 1M chromous chloride solution. The reaction mixture was heated for 2 h, with the liberated sulfide collected either as silver sulfide after bubbling through 30 ml of 3 wt% silver nitrate solution with 10% NH 4 OH by volume (for isotopic analysis) or as zinc sulfide after bubbling through 30 ml of 3 wt% zinc acetate with 10% NH 4 OH by volume for pyrite-S concentration. Mean recovery of parallel replicate pure pyrite standards was 105.6%. Filtered, rinsed and dried Ag 2 S precipitates were combined with an excess of V 2 O 5 and analyzed for S-isotope composition following online combustion using a Thermo Instruments Delta V Plus isotope ratio mass spectrometer coupled with a Costech elemental analyzer at the University of California, Riverside. Sulfur isotope compositions are expressed as δ 34 S = (R sample /R standard -1) × 1000, where R is the ratio of 34 S/ 32 S, reported as permil (‰) deviations from V-CDT international standard. The analytical error was ~0.1‰ (1σ), calculated from replicate analyses of IAEA international standards. Samples were calibrated using the same international standards: IAEA S1 (-0.3‰), IAEA S2 (22.65‰) and IAEA S3 (-32.5‰) . To determine concentrations of pyrite S, the ZnS precipitates were acidified with 10 ml of 6 M HCl to re-liberate the sulfur, followed by titration with a 0.1 M KIO 3 solution in the presence of excess KI and starch.
Carbonate-associated sulfate (CAS) concentrations and isotopes (δ

S CAS )
Carbonate samples (with carbonate contents typical >30 wt% of the total rock) were powdered, leached of soluble sulfates in a 10% NaCl solution, followed by three rinses in DI water and dissolved in 3N HCl. The acidified samples were filtered, and an excess of 1M BaCl 2 was added to the filtrate to precipitate BaSO4. The BaSO4 precipitate was rinsed, filtered, dried and then combined with an excess of V2O5 and analyzed for its S-isotope composition at the University of California, Riverside, following online combustion. Sulfur isotope compositions are expressed in standard δ-notation as permil (‰) deviations from V-CDT, with an analytical error of ~0.1‰ calculated from replicate analyses of samples and laboratory standards: NBS 127 (21.1‰), IAEA and IAEA . CAS concentrations were calculated based on the mass of BaSO 4 precipitate and are listed as a proportion of total rock mass (ppm of rock) in Table  S1 .
Elemental analyses
For elemental analysis of Mo, Al and total Fe, we used a standard multi-acid digestion (HNO 3 -HCl-HF). We specifically used distilled HNO 3 and HCl and tracemetal grade HF reagents for all our samples. An aliquot of powdered sample was weighed into a porcelain crucible, ashed at 850 o C for 12 h and weighed again after cooling. The mass lost on ignition (LOI) was recorded and used later for correction of the elemental abundances. About 100 mg of ashed sample were weighed accurately in a 15 ml Savillex Teflon bomb equipped with a screw cap. The sample was first digested by adding ~0.2 ml water and ~1 ml concentrated HNO 3 and heated at 200 o C for 2 h. The sample was then transferred to a sterile 15 ml centrifuge tube after cooling and spun at 6,000 r.p.m. for 5 min. The supernatant was removed and retained, while the residual undigested sample was returned to the Teflon bomb. The purpose of this step was to remove cations such as Ca 2+ (primarily from carbonates) that can form insoluble fluoride precipitates during reaction with HF. For carbonate-rich samples, this step was repeated. The sample residue was further digested by adding ~0.2 ml water and ~ 1 ml HNO 3 /HF (1:2) and heated at 200 o C for at least 24 h. The sample was subsequently dried down in order to evaporate the acids. The last digestion was in ~ 0.2 ml water and ~1 ml concentrated HCl, which was heated at 200 o C for at least 2 h. If the rock powders were not completely digested after this treatment, additional rounds of digestion were performed. After complete digestion, we returned the HNO 3 supernatant to the Teflon bomb. Following an evaporation step to remove concentrated acid, we diluted the sample 2,000-fold in 2% nitric acid and analyzed it for the target elements on a quadrupole inductively coupled plasma mass spectrometer (ICP-MS). The replicate digestions of USGS standards (SDO; n = 7) produce analytical errors of 1.1 %, 1.4 % and 10.4 % for assays of Al, Fe and Mo, respectively, although the typical analytical error from ICP-MS runs alone was less than 1%.
Iron speciation analyses
The iron content associated with pyrite (Fe py ) in rock samples was calculated stoichiometrically based on the pyrite sulfur concentrations obtained from chromium reduction described above (Section 1.3). Fe carb , Fe ox and Fe mag were measured by a sequential extraction procedure described previously (S2) . The reaction volume was 10 ml for all sequential extractions described below. In addition, a centrifugation step to remove the supernatant was performed between extractions.
Step 1 (sodium acetate extraction for Fe carb ): about 100 mg rock powders were weighed accurately in a 15 ml sterile centrifuge tube and extracted in a 50 o C water bath for 48 h with shaking using 1M sodium acetate solution adjusted to pH = 4.5 by addition of trace-metal grade acetic acid.
Step 2 (sodium dithionite extraction for Fe ox ): the sample residue from step 1 was further extracted using a 50 g/l sodium dithionite solution buffered to pH = 4.8 with 0.2 M sodium citrate and trace-metal grade acetic acid in a 50 o C water bath for 2 h with shaking.
Step 3 (ammonium oxalate extraction for Fe mag ): the sample residue from step 2 was then extracted by a 0.2 M ammonium oxalate/0.17 M oxalic acid solution in 50 o C water bath for 6 h with shaking. All extracts were diluted 100 fold in 2% nitric acid and analyzed for their Fe contents on a quadrupole ICP-MS (see section 1.5).
Carbon isotopic compositions of carbonates (δ 13 C carb ) and TOC (δ 13 C org ) Carbonate-C isotopic compositions were measured at the University of California, Riverside (UCR) and at the University of Missouri (MU) and are reported using the standard δ 13 C notation compared to VPDB. At UCR, carbonate CO 2 was extracted in a Gas Bench II with 100% phosphoric acid for 1 hour at 70ºC and analyzed using a Thermo Instruments Delta V plus Mass Spectrometer. Delta values were calibrated relative to international reference standards LSVEC and NBS-19, and the external error for standards run with samples was 0.01‰ for carbon. At MU, carbonate CO 2 was extracted on a Kiel Carb III device connected to a Thermo Finnigan Delta + Mass Spectrometer. External error for an international standard (NBS-19) run with the samples was 0.02‰ for carbon. Isotopic compositions of TOC were measured at Caltech. Rock powders were first decarbonated with 4M HCl at room temperature for >12 hours. Some samples were further treated with HF to remove large amount of silicates. The organic residue was then washed with deionized water and homogenized after drying in a 50°C oven. Values for δ 13 C org were measured on a Costech elemental analyzer (ECS4010) coupled to a Finnigan MAT Delta S isotope ratio mass spectrometer. Samples were calibrated against two standards, Indiana University Urea (-34.22 ± 0.02‰) and Indiana University Acetanilide (-29.52 ± 0.02‰). The standard deviation for measurements of all standards was <0.2‰ (n = 94). (D-G) Litho-, sequence-and C-isotope-stratigraphies of the studied sections. Sequence stratigraphic data and Cisotope data in red are from S3 for the Jiulongwan section and from S6 for the Zhongling section. The C-isotope data in purple are from this study. For the inner shelf Jiulongwan section, available geochronological and paleontological data obtained from Yangtze Gorges area and Weng'an (Guizhou province) are also included. Age data are from S7 and S8. Key paleontological data for Doushantuo Formation are simplified from S3. AA: Acanthomorphic acritarchs; MA: multicelllular algae; ME: Metazoan embryos. The shaded bars show fossil stratigraphic ranges based on first and last occurrences from the Weng'an section in Guizhou province. Most available geochronological and paleontological data are from the shelf sections. Samples were collected only from the horizons where fresh/unweathered rocks were available. Formations: DYDengying; NT-Nantuo; DST-Doushantuo. Figure S2 . Fe Py /Fe HR versus Fe HR /Fe T data for samples from Paleo-and Mesoproterozoic basins, with end-member redox conditions denoted on the crossplot. Data are from references S9, S10 and S11. For the Fe(II)-rich basin, represented here by data from Gunflint Banded Iron Formation (Canada), sedimentary rocks deposited below the chemocline yielded Fe HR /Fe T ratios >0.15 (the cutoff for anoxia for highly mature ancient rocks (S12), as assumed for our Doushantuo rock dataset), and most of them were >0.38 [the cutoff for immature rocks and modern sediments (S12)], but with extremely low values for Fe Py /Fe HR (typically below 0.05). In contrast, for euxinic basins with sulfidic deep waters represented here by data from the Roper Basin (Australia), the McArthur Basin (Australia) and the upper Rove Formation (Canada), Fe Py /Fe HR ratios were high (≥0.8) , and Fe HR /Fe T ratios were >0.15 for sedimentary rocks deposited below the chemocline, indicating anoxic and sulfidic conditions. Those samples deposited at shallow water depths beneath oxic surface waters (Fe HR /Fe T <0.15) also yielded high Fe Py /Fe HR ratios, suggesting abundant hydrogen sulfide confined to the pore waters. Samples collected from a basin interpreted as a transitional redox state represented here by lower Rove Formation (Canada) plot in intermediate zones between these two end-member profiles, consistent with anoxic bottom waters with elevated dissolved iron by minimal H 2 S. (Table S1 ), consistent with a stepwise and protracted oxidation of the ocean through Ediacaran time (S13, S14). Some evidence suggesting restricted marine circulation for the inner shelf setting of the lower Doushantuo Formation (Cycle 1) (S15) may be gleaned from the lack of any discernible Mo enrichment in rocks with high Fe Py /Fe HR (see Fig S6) in contrast to appreciable Mo enrichment seen in apparently time-equivalent, more distal black shales from the Zhongling section. This lateral variation does not invalidate our proposed ocean redox structure or our hypothesis for lateral sulfate concentration and isotope gradients, because the detailed geochemical arguments behind these models are expressed over the entire 84 Ma of deposition of the Doushantuo Formation extending into the late Ediacaran (551 Ma). Figure S5 . Pyrite S (S py ) versus organic C (C org ) contents for (A) modern normal marine and freshwater lake sediments (after reference S16) and (B) sedimentary rocks from the Doushantuo Formation. In organic-rich sediments deposited beneath freshwater aquatic systems, such as lakes and rivers, much higher C org /S py ratios (>10) are observed compared to analogous marine sediments because of the much lower concentrations of dissolved sulfate relative to seawater (S17, S18). The average C org /S py ratio of the inner shelf Jiulongwan section is 4 (n=42) but is much higher (34, n=49) in the distal sections. This relationship argues for a decrease in sulfate content from the shore to distal settings, reaching extremely low values. In addition, black shale samples from the deep basinal Longe section have organic C contents ranging from 1.8 -3.6 wt.%, yet very little or no pyrite was found in these samples (Table S1 ). This relationship suggests that sulfate availability rather than organic matter limited the bacterial sulfate reduction required to initiate and sustain pyrite formation in the distal portions of the Nanhua Basin. Figure S6 . Stratigraphic variations for Fe py /Fe HR , Fe HR /Fe T and fossil occurrences for the inner shelf sedimentary facies of the Doushantuo Formation. The iron speciation data derive from this study, while the fossil and sequence stratigraphy data are from a compilation reported in reference S3. Note that the fossil occurrences in sedimentary Cycle 1 are from our Jiulongwan section; fossil occurrences in sedimentary Cycle 2 are from the nearby Tianjiayuanzi section (diamonds) in the Yangtze Gorges and the Weng'an section (bars) in Guizhou Province. The fossils in sedimentary Cycle 3 reflect occurrences from the nearby Miaohe section. Diamonds indicate actual stratigraphic occurrences; bars depict stratigraphic ranges based on first and last occurrences. It appears that the most diverse assemblages of Ediacaran acanthomorphic acritarchs and metazoan embryo fossils from the Doushantuo Formation in South China are associated with stratigraphic intervals deposited when toxic hydrogen sulfide was extremely low in the water column (i.e., intervals with the lowest Fe py /Fe HR values, approaching zero) regardless of indications of anoxia (i.e., high Fe HR /Fe T values). In contrast, multicellular algal fossils (presumably planktonic) could be detected in extremely euxinic intervals. These results strongly support our proposed redox model and its relationship to the patchy animal fossil record of the Ediacaran. The occurrences of metazoan fossils in non-sulfidic but anoxic (i.e., ferruginous) waters were likely related to i) the resting stages in early metazoan life cycles as an evolutionary/protective response to episodes of bottom water anoxia without the deleterious toxic effects of hydrogen sulfide in Ediacaran shelf/platform environments (S19), as well as to ii) the relatively shorter distances of lateral transport of sediment and metazoan bodies from the oxic shallow seafloor into ferruginous waters below the oxycline in comparison to delivery into euxinic waters farther along the shelf. 
